A majority of the states equalize funding of local jurisdictions by conducting sales ratio studies to estimate levels of property tax assessment. Because of sales chasing and the failure to adjust sales for time, sales ratios may inaccurately estimate true levels of assessment, resulting in funding inequities. Building upon recent advances in the real estate price index literature, an econometric model is proposed as an alternative to sales ratios as a method of estimating levels of assessment. Results from a sample of Florida counties show that levels of assessment are accurately estimated by the model, even for small counties.
INTRODUCTION
A ccording to a recent survey (Dornfest, 1997) , 48 states and 11 Canadian provinces conduct assessment-sales ratio studies. These studies involve using property sales samples to estimate the level of property tax assessment (LOA) within local jurisdictions, where the LOA is defined as the overall ratio of assessed values to market values (International Association of Assessing Officers, IAAO, 1999) . 1 The uses of ratio studies vary widely, but their primary purposes are monitoring appraisal performance, direct equalization, and indirect equalization. Monitoring may be done by both state/ provincial and local assessment agencies to determine the need for a general reappraisal, to establish priorities for field inspections or reappraisal of selected groups of properties, and to identify when or where appraisal procedures are not up to par. Direct equalization involves states/provinces using the results from ratio studies to order local jurisdictions to reappraise their properties in order to bring their LOAs in line with statutory levels. Typically applied to specified property strata (e.g., residential, commercial and agricultural property), the goal of direct equalization is frequently to reduce inequities between classes by improving inter-stratum uniformity in effective tax rates. Other goals of direct equalization are equity across taxpayers in the same taxing district but in different assessment districts and equity in the application of certain state requirements such as tax rate or debt limitations. Indirect equalization involves states/provinces using the LOAs estimated from a ratio study to obtain an "equalized" value of the tax base of a local jurisdiction; it is commonly obtained by dividing the total amount of assessed value within a jurisdiction by the estimated LOA. The equalized value is then used in an effort to ensure proper funding distribution, particularly for school districts, given that the LOAs of individual jurisdictions frequently deviate from statutory levels. If there were no equalization, the extent that a jurisdiction under or overestimated its total tax base would result in over or under apportionment of funds. Hence, an equitable funding distribution requires that state aid to local jurisdictions be based on an accurate estimate of the true market value of all nonexempt properties within the jurisdiction, which the equalized value provides assuming the LOA used in the denominator of the equation calculation is accurate. According to Dornfest's (1997) survey, 31 states and three Canadian provinces equalize funding of local jurisdictions by conducting ratio studies.
If the above purposes of assessmentsales ratio studies are to be equitably and effectively achieved, the estimated LOAs from these studies must accurately reflect true levels of assessment within jurisdictions. Errors in the estimation of LOAs are a particularly serious matter when they occur in conducting equalizations. In indirect equalization inaccurate LOAs can result in local communities unfairly losing or gaining substantial amounts of state/provincial funding. 2 In direct equalization, LOA errors can result in unnecessary and costly reappraisals by local jurisdictions as well as severe penalties if these reappraisals yield results that are deemed unsatisfactory by oversight agencies. Inaccurately estimated LOAs can also frustrate the achievement of inter-stratum or intra-district uniformity in effective tax rates.
Unfortunately, the practice of sales chasing (i.e., the selective reassessment of those parcels that have sold) by local tax assessors may cause estimated assessment-sales ratios to exceed true LOAs. Local jurisdictions may deliberately sales chase in order to lower the equalized value of their tax base and thereby receive more state aid. Another motivation for sales chasing is to improve perceptions of assessors' performance. One way to guard against sales chasing is to base estimated LOAs on random samples of properties appearing on the tax roll. However, since only a small percentage of these properties would have sold in the previous year, field appraisals would be necessary. While many states do use appraisals ratio studies to combat sales chasing (and to supplement sales samples where the number of sales is small), appraisals are labor intensive and therefore expensive. This limits the extent to which appraisals ratios can be used in place of sales ratios. 3 Another approach to combating sales chasing is to compute sales ratios using sales that postdate assessments. Because this will delay the results of the study, the feasibility of this approach will depend on the purpose of the ratio study. While timeliness may be less of an issue in monitoring appraisal performance, it typically is necessary for equalization.
In addition to sales chasing, the failure to adjust sales prices for time may also cause sales ratios to inaccurately estimate LOAs. Typically, sales are used throughout the year leading up to the date of assessment. If prices are rising (falling), the more the sample of sales is distributed toward the beginning of the year, the greater the upward (downward) bias in the estimated LOA. According to Dornfest's (1997) survey, less than one third of the states make any attempt to address this problem. 4 An alternative approach to conducting a sales (appraisals) ratio study to estimate LOAs is to estimate an econometric model that is then used to predict the market value of the properties on the tax roll for the same date that local tax assessors assign their assessed values. The sum total of these predicted market values could then be divided into the sum total of assessed values for the same properties to obtain the LOA. Recent advances in the development of real estate sales price indexes suggest that an econometric model may provide estimated LOAs that are more accurate than those obtained from sales ratio studies. In addition, the annual costs of using an econometric model to estimate LOAs should be similar to the costs of conducting sales ratio studies. Hence, the econometric approach would provide considerable cost-savings in comparison to those ratio studies that rely upon field appraisals.
The purpose of this paper is to investigate the feasibility of using an econometric model to estimate LOAs for single-family properties. In most local jurisdictions, the aggregate value of single-family homes greatly exceeds the total value of all other types of property. This provides justification for focusing on single-family properties in this exploratory study. In addition, if an econometric model does not provide a suitable alternative to a ratio study for estimating the LOA of single-family homes, it is unlikely that it would provide accurate estimates of LOAs for non-residential property, given the greater heterogeneity of properties and relatively infrequent sales within this class.
The focus of the analysis is on obtaining value-weighted LOAs, which are most appropriate for indirect equalization, but may also be used for monitoring appraisal performance and direct equalization. 5 The analysis is based on data obtained for a stratified random sample of Florida counties. LOAs are estimated for single-family properties for each of the five counties within each of the three population size classes. Three conclusions are drawn from the results: 1) sales chasing is a common phenomenon within Florida counties, resulting in LOAs that are overestimated by sales ratio studies; 2) the failure to adjust sales prices for time also causes sales ratios to overestimate LOAs; and 3) the proposed econometric model provides accurate estimates of LOAs, even for small counties.
PROPERTY ASSESSMENT AND INDIRECT EQUALIZATION WITHIN THE STATE OF FLORIDA
Before turning to the econometric model that is used to estimate LOAs for 4 The failure of states to adjust sales prices for time was also found in a survey of the states conducted by the New York State Board of Real Property Services (1995): "Although this issue is often raised, the most frequently mentioned solution of adjusting the sales prices to account for the passage of time is rarely applied in real practice" (page 6). 5 The value-weighted LOA is also used in computing the price-related differential (PRD), which equals the mean LOA divided by the value-weighted LOA. The PRD measures vertical inequity in assessments and deviates from the value one (perfect equity) when low-value and high-value properties are appraised at different percentages of market value. The PRD, along with estimated LOAs and measures of horizontal inequity, is commonly used in evaluating appraiser performance. The PRD and a number of the horizontal inequity measures require the use of a mean LOA. Although the focus of this paper is on showing that the proposed econometric model reliably estimates value-weighted LOAs, results presented in the fifth section that compare the accuracy of the model to that of the local tax assessor in estimating the value of individual properties suggest that the model may also reliably estimate mean LOAs.
the sample of Florida counties, how property assessment and indirect equalization are done within Florida are described. This background information will aid in the description of the model in the third section and in the interpretation of the results presented in the fourth section. In addition, a basic understanding of the assessment and equalization processes serves to further highlight the importance of obtaining accurate LOA estimates.
Property Assessment
Florida statutes require county property appraisers to assess the just value of all real property as of January 1 st of each year. Just value assessment as the basis for the levy of ad valorem taxation is required by Article VII, Section 4 of the State Constitution. Just value is defined within the Florida Administrative Code as:
The price at which a property, if offered for sale in the open market, with a reasonable time for the seller to find a purchaser, would transfer cash or its equivalent, under prevailing market conditions between parties who have knowledge of the uses to which the property may be put, both seeking to maximize their gains and neither being in a position to take advantage of the exigencies of the other (Rule 12D-1.002 (2)).
The above definition equates just value to fair market value using common ad valorem terminology.
Florida's 67 county appraiser offices use a wide variety of computer-assisted mass appraisal (CAMA) techniques to annually assign just values. Some of these techniques are highly sophisticated (e.g., based upon a well-specified hedonic price model), while others are comparatively crude (e.g., sales comparisons that control only for location or a few property characteristics). The quality of the data on individual properties and their locations that are used in CAMA also varies a great deal among counties. In general, due largely to budgetary constraints, it is in smaller counties where CAMA is less reliable. All counties are required to do a physical inspection of each property every three years in order to verify and update the property record information.
The Florida Department of Revenue's Property Tax Administration Program (PTA) is responsible for reviewing each county's assessment roll to determine whether the roll is indicative of just property values within the county. Preliminary assessment rolls must be provided to PTA by July 1 of the roll year. For each county, PTA estimates a value-weighted LOA for each of the seven property strata (single family residences, multi-family residences, agricultural property, vacant lots, nonagricultural acreage, improved commercial and industrial property, and taxable institutional or government property), as long as the stratum represents at least five percent of the total value of property within the county. For PTA to approve the county's tax roll, the LOA within each stratum must be at least .90 (i.e., the total assessed value of the stratum must be at least 90 percent of the stratum's total market value). If this requirement is not satisfied, PTA recommends remedial action. If the deficiencies in the tax roll are not eliminated, PTA is required to disapprove the county's tax roll. Under state law, disapproval of the tax roll results in the loss of $20,000 of the $25,000 homestead exemption for all homestead property owners of the county until the issue is resolved.
To estimate LOAs, PTA conducts one of two different types of assessment-sales ratio studies, depending on the number of sales that the county categorizes as "qualified" in the year preceding the roll year. Sales can be disqualified for many different reasons, including within family transfers, transfers including unusual amounts of personal property, transfers to or from mortgage companies, and transfers that involve a trade or exchange of land. If the number of sales qualified by the county exceeds 100, a sales-qualification test is done by PTA to determine whether the county is accurately qualifying its sales. This test involves PTA contacting the seller and the buyer to determine the conditions of the sale for samples of sales that the county has qualified within each property stratum. If at least 90 percent of the sampled sales within a stratum are found to be qualified by PTA, all of the county's sales within that stratum are used to estimate a weighted mean assessment-sales ratio, where the weights are proportionate to the sales prices. This ratio is PTA's estimate of the LOA for the stratum.
If the county fails the qualification test or if the number of sales qualified by the county within a stratum is less than 100, a limited sales methodology is utilized. This involves selecting a substratified random sample of 40 sales within the stratum, where substrata equal six fixed value intervals. Substratification is done in order to generate a representative sample for the stratum. Where the number of total sales within the stratum is less than 40, field appraisals are used to supplement the sample. The qualification status of each sale is investigated by PTA. If sales are disqualified, additional sales or appraisals are added to the sample until 40 valid sample properties are obtained in the stratum. As in the case of the full sales methodology, the data obtained from the limited sales methodology are used to compute a weighted mean assessment-sales ratio.
PTA's sales ratio studies may be affected by both sales chasing and the failure to adjust sales/appraisals for time. Sales all pre-date the date of assessment and both sales and appraisals occur throughout the year leading up to the assessment date (January 1 of the next year).
Indirect Equalization
In an effort to ensure the equitable distribution of state funds to the various county school districts, these funds are allocated based on each district's achievement of a required local effort level of educational funding (RLE). A two step process is involved. First, the total amount of state and local dollars for each district is determined by a formula that accounts for the number of students in each educational program, the costs of each program, and the base student allocation (determined each year by the legislature). The state's share of this total is then determined by subtracting the RLE from the total. The formula used to compute the RLE for county i is:
where --LOA = the statewide average LOA LOA i = the county overall LOA, which equals the weighted average LOA across property strata, where weights reflect the percentage of total property value within the stratum RATE = millage rate set by the legislature that applies to all counties, and TV = aggregate taxable property value for school purposes within the county.
The lower the estimated level of assessment is for a county, the higher the RLE and therefore the lower the amount of state funding. Hence, if a county property appraiser undervalues property or if the estimated LOA is downwardly biased, the allocation of state funds for the county's schools is reduced accordingly. 6 Because of the magnitude of the funds involved, small errors of even a few percentage points in the estimated LOA for a county can significantly alter the mix of state versus local funding.
MODEL
Based on an appropriate sample of recently sold properties, the IAAO's Standard on Ratio Studies (IAAO, 1999) identifies three different methods of estimating the assessment level: 1) calculate the ratio of assessed value to sales price for each sampled property and compute the mean ratio; 2) array the individual ratios in order of magnitude and select the median ratio; and 3) compute the weighted mean ratio, where the weights are proportionate to the sales prices. 7 Because of its dollar weighting feature, the IAAO recommends that the weighted mean be used for indirect equalization, where the objective is to estimate the aggregate market value of all properties within the jurisdiction.
The proposed econometric model is designed to estimate a dollar weighted LOA that can be used in place of the weighted mean assessment-sales ratio. The model builds upon those estimated by Clapp and Giaccotto (1992) and McMillen and Dombrow (2001) . The latter models were developed to provide more reliable real estate sales price indexes. Clapp and Giaccotto (1992) estimate a sales price model that includes a lagged value of assessed value (i.e., just value using Florida ad valorem terminology) and time period dummy variables as the only independent variables. They argue that the lagged value of assessed value effectively proxies for non-recorded structural and locational characteristics of the property that affect its sale price. They use an errors-in-variables analysis to show that errors in the assessor's opinion of value do not bias estimated price indices.
McMillen and Dombrow provide an improved method for accounting for time in the estimation of sales price models. The common approach is to include time period dummy variables among the set of independent variables. But this creates problems when a time period has a small number of sales price observations. In addition, time period dummy variables unrealistically assume that price changes overnight between the ending day of one period and the beginning day of the next period and then remains constant during the period. McMillen and Dombrow (2001) propose that a flexible Fourier expansion be used to account for time in sales price models instead of using time period dummy variables. The Fourier estimator saves degrees of freedom and provides an efficient estimate of the price index even for time periods with few sales. This is an important advantage in estimating LOAs for Florida counties because assessed values are assigned for January 1, and December sales price observations are small for smaller counties. Another advantage of the Fourier estimator is that it imposes the more theoretically appealing restriction that prices change smoothly over time and not abruptly as implied by the use of time period dummy variables.
The insights of Clapp and Giaccotto (1992) and McMillen and Dombrow (2001) can be combined by estimating the following property value prediction model:
where SP i,t = the sale price of property i in time period t JP i,Jan.1 = the just price of property i as of January 1 of the sale year X i = characteristics of property i, and F(T j ) = Fourier estimator.
The Fourier expansion supplements a simple quadratic function with trigonometric terms:
where z j = 2 π T j / max (T). In the property value prediction models, T j equals 1 for the first sale month and max (T) equals the number of months of sales price observations included in the sample. For example, if sales data for the years 1998 through 2000 are used to estimate [2], then for January 1998, T j = 1 and for December 2000, T j = max (T) = 36.
To utilize the Fourier estimator, the length of the expansion (Q) must be chosen. The goal of the estimation is to predict market values for the date that assessed values are assigned. In Florida this is January 1 of the tax roll year. Q is therefore chosen to provide the most accurate prediction for December of the year proceeding the tax roll year. The tax roll year is 2001 in the illustrations provided below.
In addition to selecting Q, the number of years used to estimate [2] must be chosen. The available data provide six years (1995) (1996) (1997) (1998) (1999) (2000) of sales price observations for each county. At one extreme, just 2000 sales could be used to estimate [2] and predict market values for December 2000. At the other extreme, all six years of data could be used to estimate [2] . Like the value of Q, the number of years is chosen to maximize the accuracy of predicted market values for December 2000. Using more years of data results in more sales price observations and therefore more efficient (i.e., minimum variance) coefficient estimates. On the other hand, biased estimates may result from using multiple years of data to the extent that estimated coefficients are not stable over time. Predictive accuracy is one method for choosing between the efficiency versus bias tradeoff.
To determine prediction accuracy, an auxiliary model is estimated, where sales prices for properties sold during December 2000 are regressed on predicted sales prices (SˆP): 8
An accurate predictor should have three characteristics (Maddala, 1977, p. 346) :
• The estimated β should not differ significantly from 1, • The estimated α should not differ significantly from 0, • The explanatory power of [4], as measured by R 2 , should be high.
The first two characteristics prevent the predictor from having a systematic linear bias, while the third characteristic measures the correlation between predicted and actual values. The value of Q and the number of years of sale price observations used to estimate [2] are chosen to best satisfy the above three conditions. 9 If the predictor possesses the above three characteristics it can be considered an accurate predictor of the prices of properties that were sold during December 2000. This is a necessary but not a sufficient condition for obtaining an accurate predictor of the December 2000 value of unsold properties on the tax roll. The validity of extrapolating estimates of value derived from sold properties to all properties depends on whether the sample of sold properties is a random sample. If the sample of sold properties is selective rather than random, then predictions of the value of unsold properties obtained from [2] may be biased. The issue of sample selection bias resulting from the use of sales samples has been investigated by Ihlanfeldt and Martinez (1986) and Gatzlaff and Haurin (1998) . Ihlanfeldt and Martinez (1986) find no evidence of bias, while Gatzlaff and Haurin (1998) find that bias is present. However, a comparison of Gatzlaff and Haurin's (1998) estimates of quarterly changes in house values between those adjusted for selection bias and those not adjusted for selection bias (Table 4 , pp. 212-3 and Figure 1 , p. 216) shows that the bias is small. It should also be noted that the issue of whether sales samples are random is distinct from the issue of whether they are representative. As noted by Gatzlaff and Haurin (1998) :
… derivation of an unbiased index does not require the houses sold in any period to mirror the average characteristics of the stock of houses. For example, if in some period all sold homes have relatively low quantities of attributes compared to the mean quantities in the stock, the estimation still yields the correct house value index if the valuation model is applicable to all houses in the metropolitan area and the standard econometric conditions are met including a zero expected value of the error term in the regression (pp. 201-2).
As noted above, the lagged assessed value of the property, JP i,Jan.1 , is included to control for unmeasured property and locational characteristics. Essentially, the vector of hedonic characteristics is reduced to a single variable. JP i,Jan.1 can be thought of as an estimate of the previous year's market value of the property. Assessors' valuation errors will result in a biased estimate of the true effect of past market value on current sales price. 10 However, OLS is still appropriate for predicting the expected value of sales price given the measured value of past market value. 11 Assessors' errors, however, will increase the variance of the forecast error. Because assessors' errors may be correlated with property characteristics, any property characteristics that are available (X) should be tried in the property value prediction model. This may improve prediction accuracy. The X used here is limited to those variables found within the tax roll file that counties are required to send annually to the PTA (see Appendix Table  1 ). However, the property characteristics that have been found to affect assessor performance are those that describe the property's size and condition and these variables are included in X. 12 A final decision that must be made in estimating [2] are the selection criteria used to select the sample of sales price observations. These criteria are designed to delete incomplete and incompatible observations or apparent data errors:
• Living area not less than 600 square feet, but not more than 6,000 square feet, • Price per square foot at least $20 but not more than to $150, • Year built 1940 or later,
• Sale year more recent than year built. Also, only "qualified" (i.e., arm's length) sales observations are used in the estima-tion to minimize the use of sale prices that do not reflect true market values. 13 The data used to estimate [2] come from the standard N.A.L. (name, address, and legal) Files that counties are statutorily required to send annually to the Florida Department of Revenue. The N.A.L. File lists all properties on a county's tax roll, the just value of each property for January 1 of the tax roll year, selected characteristics of the property, the most recent sales price, and whether the sale was an arms-length (qualified) sale. N.A.L. Files for the years 1995-2002 were provided by the Florida Department of Revenue Property Tax Administration Program. A file for a tax roll year, say 1996, will contain just value as of January 1, 1996 and sales for 1995. Hence, in order to lag just value, sales taken from the 1996 tax roll require the use of just value from the 1995 tax roll. Only sales for the years 1995-2000 are used to estimate [2] . As discussed below, sales for the year 2001 obtained from the 2002 tax roll are used to investigate sales chasing and the reliability of the econometric model.
ESTIMATING LEVELS OF ASSESSMENT
The first step in estimating the LOA is to sum the predicted market values of all properties on the tax roll that satisfy the same selection criteria used in selecting the sample of properties used to estimate [2] (ignoring, however, the criterion that, if the property had been sold in the past, the sale be a qualified sale): 14
where n is the number of tax roll properties, M is a vector of means of the independent variables, and α is the estimated coefficients vector. 15 The LOA is computed as:
where the sum of just prices is computed for the same properties used to compute Σ SˆP. An alternative estimate of the LOA is to assign the benefit of the "statistical doubt" in computing the sum of predicted market values to the county by using the lowest value of the sum within the 95 percent confidence interval (L):
The difference between LOA and LOA_L provides an indication of the reliability of the estimated LOA. If this difference is large, the precision of the estimated LOA is open to question.
RESULTS

Main and Auxiliary Models
LOAs are estimated for a random sample of counties falling within each of three population size classes: large (population greater than 250,000), medium (population between 100,000 and 250,000) and small (population less than 100,000). Results from estimating the property value prediction models (equation [2]) and the prediction evaluation models (equation [4]) are summarized in Table 1 . Complete regression results for one of the counties (Orange) are reported in Appendix Table 2 . 13 As a referee noted, it would also be desirable to filter out those sales price observations that experienced significant material changes (e.g., room additions) between the time the property was assessed and sold. This filter could not be used in this study due to the absence of data on material changes. 14 Less than ten percent of the total number of roll properties are dropped by applying the filters and because of missing values. 15 The variance of the sum of the predicted values can be computed as MVM′, where V is the variance-covariance matrix. 16 Recall that with zero expansion terms (Q = 0) the effect of time is modeled using a simple quadratic function. 17 The need for more than a single year of sales price observations in order to obtain a good predictor for smaller counties can be attributed to the smaller number of annual sales found within these counties. 18 In the case of Seminole County, although there are more than 100 December sales, fourth quarter sales are used to estimate the auxiliary model because the use of December sales resulted in a number of years/terms combinations that equally satisfied the requirements established for an accurate predictor. The tie between these combinations was broken by picking the one that performed best based upon fourth quarter sales. 19 For example, the intercept estimated for St. Johns ($4,707) is only 2.3 percent of mean sales price ($205,586) of the observations used to estimate the prediction evaluation model for the county.
For large counties, the use of only one year (two years in the case of Duval) of data and zero Fourier expansion terms results in the best predictor based on the three accuracy criteria listed in the third section. 16 For medium and small counties it is generally the case that the best predictor is obtained by using more than one year of data and a nonzero number of Fourier terms. 17 R 2 s for the property value prediction model are uniformly high, ranging between .88 and .95.
Prediction evaluation models are estimated using December 2000 sales if the number of sales exceeds 100. This is true for a majority of the counties (9 of 15). 18 If December sales are less than 100 but fourth quarter sales exceed 100, then these sales are used to evaluate the auxiliary model (3 of 15). If fourth quarter sales are less than 100, then sales for all of 2000 are used. This happens for three of the small counties.
The results from estimating the prediction evaluation models show that all of the estimated slope coefficients are close to one and only the estimated coefficient for Lee County is significantly different from one at the five percent level. Of the estimated intercepts, none is large relative to the mean sales price, but two are significantly different from zero (Lee and Alachua Counties). 19 R 2 s are all high, ranging between .86 and .95. Hence, for 13 of the 15 counties, the calibration of the main model has resulted in a predic- Prediction Evaluation Model tor that satisfies all three of the accuracy criteria. In the case of Alachua County, one of the criteria is violated (intercept is significantly different from zero), while in the case of Lee County, two of the criteria are violated (intercept is significantly different from zero and slope is significantly different from one). Nevertheless, in these two cases the magnitudes of the estimates are roughly in line with those obtained for the other counties.
The results obtained with the X vector of property characteristics for Orange County (see Appendix Table 2 ) are representative of the results obtained for all counties; namely, the variables tend to be statistically significant, but their inclusion causes only a modest reduction in the variance of the forecast error. For Orange County, variables measuring the size, age, condition, and exterior veneer of the property are all statistically significant. Also significant (with a negative effect) is the market activity variable, which equals the number of sales in the immediate area surrounding the property in the year the property was sold. 20 The inclusion of these variables in the property value prediction model increases the adjusted R 2 from .9211 to .9235 (see columns (1) and (2) of Appendix Table 2 ).
Estimated Levels of Assessment and Sales Chasing
Table 2 provides evidence that sales chasing is common within Florida counties. The first two columns of the table report the percentage change in aggregate just value between January 1, 2000 and January 1, 2001 for properties that sold in 2000 (column (1)) and those that did not sell in 2000 (column (2)). 21 In the absence of sales chasing, these two percentage changes are expected to be similar in magnitude and the sign on the difference between them randomly determined. Contrary to these expectations, for 13 of the 15 counties (the exceptions are Seminole and Escambia Counties) the percentage change in JP is greater for sales than nonsales. This difference is statistically significant at the five percent level (two-tailed test) for 10 of the counties. Large differences between the sales and nonsales percentage changes in JP can be found in all three size categories of counties. Duval County's difference (6.9 percentage points) is the largest of the counties in the top size category, while Lake County's difference (6.4 percentage points) is the largest among medium size counties. Among all counties, the worst offender of sales chasing appears to be the small county of Gadsden, where the difference between the percentage change in JP for sales and nonsales is a staggering 18.7 percentage points.
The effect of failing to adjust sales for time can also be seen in Table 2 . Reported under the heading "Sales Ratios" are weighted mean assessment-sales ratios based upon all sales for the year 2000 and just for December 2000 sales, where the assessment date is January 1, 2001. States commonly compute the former ratio in conducting their sales ratio studies, but the latter ratio is a more accurate estimate of the LOA because sales dates are on average closer to the date of assessment. For seven counties, the 2000 sales ratio is significantly larger than the December sales ratio (at the five percent level using 20 While the market activity variable is not a property characteristic in the strict sense, it is likely correlated with unmeasured property or neighborhood characteristics and therefore serves as a proxy variable for these characteristics. An increase in the number of sales in the immediate area could have either a positive or negative effect on property value. Sales may have a positive effect if they register desirable locations or property features. However, more sales may also result from a neighborhood transitioning downward in quality, in which case the effect may be negative. Sales are those properties that were sold in 2000. c For large and medium counties, early 2001 is January 2001, while for the small counties, early 2001 is the first quarter. *Difference between percentage change in just price for properties that sold and those that did not sell in 2000 is statistically significant at the five percent level (two-tailed test) . #Difference between 2000 and early 2001 assessment-sales ratios is statistically significant at the five percent level (two-tailed test) . +Difference between December 2000 and 2000 assessment-sales ratios is statistically significant at the five percent level (two-tailed test) .
Difference between estimated LOA and early 2001 assessment-sales ratio is statistically significant at the five percent level (two-tailed test). a two-tailed test), which can be attributed to housing price inflation during the year 2000 in those counties. As prices rise over the year, the denominator increases in the assessment-sales ratio because prices are not adjusted (trended) to the actual date of assessment. 22 The final two columns of Table 2 report the estimated LOA and LOA_L obtained from using the econometric model. Recall that the LOA is the ratio of the sum of just values divided by the sum of predicted sales prices, while LOA_L is the ratio of the sum of just values divided by the lowest value of the sum of predicted sales prices within the 95 percent confidence interval. Overall, the differences between LOA and LOA_L suggest that the estimated LOAs have been estimated with an acceptable degree of precision. The differences between LOA and LOA_L are all small for the large counties (the mean difference is 0.7 percentage points). Because of smaller sample sizes, differences between LOA and LOA_L are larger for the medium sized counties (the mean difference is 2.0 percentage points) and small counties (the mean difference is 4.0 percentage points).
To determine the accuracy of the estimated LOAs, they are compared to assessment-sales ratios computed using "early" 2001 sales. (These ratios are also found in Table 2 under the heading "Sales Ratios"). For large and medium sized counties, early 2001 sales are defined as those that occurred in January 2001. Because the number of January sales in the small counties is too small for meaningful comparisons, early 2001 sales are defined as those that occurred in the first quarter of 2001. Because these early 2001 sales occurred after the date assessed value was assigned, sales ratios should be free of sales chasing. They should also possess minimal time bias given that the date of assessment is January 1, 2001. Hence, these early 2001 sales ratios provide a reliable estimate of the true LOA.
For all three categories of counties, the LOAs estimated from the econometric model are close to the early 2001 sales ratios and in only one case (Duval) is there a statistically significant difference between the two. The mean difference is 1.3, 1.4, and 1.3 percentage points for the large, medium, and small counties, respectively. In contrast, the mean percentage point differences between the 2000 sales ratios and the early 2001 sales ratios are much larger: 4.6, 6.1, and 6.2, respectively. Also, for 13 of the 15 counties, the difference between the 2000 and early 2001 sales ratio is statistically significant. These results provide strong evidence that the econometric model yields estimated LOAs that are more accurate than those obtained from the traditional sales ratio study.
From these comparisons, the question arises why states do not simply compute their sales ratios using sales that post-date assessments. In fact, some states do this, especially if the purpose of the sales ratio study is the evaluation of appraiser performance. However, as noted above, the statutory time framework involved in conducting equalizations may preclude waiting on sales that occur after the date of assessment. 23 This is the case in Florida. In addition, there is no assurance, especially for smaller counties, that there will be a sufficient number of sales that post-date the assessment date to conduct a sales ratio study. Even in larger counties there may be an insufficient number of early sales in some years because of high interest rates or other unfavorable macroeconomic conditions. Of course, larger sales samples could be obtained for conducting 22 While a state might rely upon December sales for its larger counties, this may not be possible for all counties due to an insufficient number of December sales in the smaller counties. Hence, to treat all counties the same, a full year of sales in commonly used in conducting sales ratio studies. 23 Considerable time may pass between the date of the sale and the date when the local tax assessor makes the determination of whether the sale is "qualified" or "disqualified." a post-assessment sales ratio study by using sales that occur over a longer period (e.g., the next year), but this would then create a need to adjust estimated ratios for time-related market movements. In summary, the results presented in Table 2 suggest that both sales chasing and the failure to adjust sales for time cause traditional sales-assessment ratios to overestimate LOAs within Florida counties. The proposed econometric model, on the other hand, is found to provide reliable LOA estimates.
The Model Versus The Local Tax Assessor
A final check on the validity of the proposed econometric model is to compare its predictive accuracy to the accuracy of the local tax assessor. Obviously, if the model is less accurate than the local assessor in estimating market values, it would be inappropriate to use the model to audit the tax rolls of individual counties.
Reported in Table 3 are the mean errors for the model (sales price (SP) -predicted price (PP)) and for the local tax assessor (sales price (SP) -just price (JP)) based upon early 2001 sales. Also reported are the mean errors divided by the mean sales price multiplied by 100. This gives the percentage error from estimating the total sum of market values.
Using either the mean error or the percentage error as the measure of accuracy, the model outperforms the local assessor in all of the counties. On average, the assessor's error is about four times as large as that of the model's, but results vary considerably across counties (see final column of Table 3 ).
CONCLUSION
Inaccurate LOAs can cause local jurisdictions to receive unfair shares of state funding, force these jurisdictions to undertake unnecessary reappraisals, and frustrate the achievement of inter-stratum uniformity in effective tax rates. It is therefore important that estimated LOAs be as accurate as possible.
In this study, the validity of using an econometric model to estimate ad va- lorem LOAs within local property tax jurisdictions was investigated. Support for the model is provided by three empirical findings: 1) differences between the model's estimated LOAs and sales ratios adjusted for time of sale and free of the effects of sales chasing are uniformly small; 2) errors from predicting market values are smaller when using the model in comparison to those made by the local property appraiser; and 3) the model's estimated LOAs are more accurate than those produced by traditional salesassessment ratios.
Ratio studies using sales and appraisals to estimate ad valorem LOAs cost states (taxpayers) significant amounts of money. According to one survey (New York Board of Real Property Services, 1995), these costs ranged from $30,000 in North Dakota to $18.5 million in New York for the 1994-1995 fiscal year. The next largest expenditures after New York were Florida ($8.3 million) and Wisconsin ($4.8 million). 24 The lion's share of the above costs can be attributed to the costs of conducting field appraisals. While the results of this study suggest that LOAs are more accurately estimated by the proposed econometric model than from sales ratio studies, it was not possible to compare the accuracy of the model to that of appraisals. However, given the time and cost associated with appraisals, as well as concerns over their subjective nature and therefore accuracy (IAAO, 1999, p. 49 ), the proposed model merits consideration as a replacement for both sales and appraisals ratio studies.
For states like Florida that already require local tax assessors to submit parcel-level property rolls, the annual cost of estimating LOAs using the proposed model would be comparable to conducting assessment-sales ratio studies. In those states without this requirement there would be the additional cost of implementing a statewide standardized reporting of roll data.
While the model compares favorably to sales ratio studies in estimating LOAs for single family properties, the use of an econometric model for estimating LOAs for other categories of properties was not explored. Such exploration should be a high priority in future research. The simple methodology proposed here should be applicable to all types of properties, as long as reasonably sized samples of qualified sales are available. Where sample sizes are too small for the individual local jurisdiction, as is expected to be the case for certain categories of properties, it may be possible to predict market values using a model that pools sales across multiple jurisdictions possessing common features. 
